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PREFACE

On October 1, 1965, a cooperative agreement was signed between
the National Aeronautlcs and Space Administration (NASA) and the U.S.
-_Department of Aérlculture (UéBA) authorizing research to be undertaken
in remote sensing as related to ﬂgriculture, Fores£ry and Range Manage-

ment under funding provided by the Supporting Research and Technology

{SRET) program'of NASA, Contract No. R-09-038-002. USDA designafed

the Forest Service to wonitor and provfde grants to fo}estry and range
management research workers. All such studies were administered by the
Pacific Southwest Forest and Range Experiment Station in Berkeley,
California in cobperatjon with the Forestry Remote Sensing lLaboratory
of the University of CallTornla at Berkeley. Professor Robert N. |
.Colwell of the Un?versity_oF California at Berkeley was designated
coordinator of these research studles.

Forest and range research studies were funded elther d!re;tly with
the Forest Service or by Memoranda of Agreement with cooperating univer-
sities. The following is a 1ist of research organizations participat-
ing In the SRET program from October 1, 1965, until December 31, 1972.

1. ForestAService. USBA, Pacific SouthwestlForest and Range

'Experiment Statioﬁ, Berkeley, California,

2. Forest Service, USDA, Rocky Mountain forest and Range Exper-
iment Statioh; Fort Collins, Colorado,

3. School of Forestry and Conservation, UHFVErsit# of California,
Berkeley, California.

L. School of Forestry, University of Minnesota, St. Paul, Minnesota.
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5. Scheool of Natural Reséurceﬁ, Uniﬁcrsity of Michigan, Ann
Arbor, Michican,

6. Department of Range Management, Oregon Sfate University;
‘Corvallis, Oregon.

This report summarizes the significant findings of thls research
-and identtfies research resuits which have been applied or are ready
for application, In additlon,.the work carriéd on for the repprffng _
period October 1, 1971, until December 31, 1972, is described in detail,

A listirg of all research réports producea unaer NASA SRET Fuﬁding
for forest and range étudié; can be found in the Appendix of this

report.



ABSTRACT

This is the fifth and final report to assess the merits of multiband

photography from aircraft and spacecraft and multispectral scanner imagery

for the interpretation and analysis of nonforest (shrubby and herbaceous)

native vegetation. - Significant findings include:

1. A multiple sampling technuque was deve10ped whereby spacecraft
photographs supported by aircraft photographs ‘could be used to quantify
plant communities. Color infrared spacecraft photographs were used for
mapping general plant community systems, These systems almost a]ways
represent groupings of indLvI&ual habitét types, the elemental unit of
plant communlity c]ass}fication, due to combined effects of photégraphic
scale and ground resolution, Larger scale (1:20,000 - 1:80,000) aircraft
photographs were required to determine the areél extent of the individual
habitat types. Still larger scale aerial photographs (> 1:2,400) were
required for analysis of community components, |

2. Llarge-scale (1:600 - 1:2,400}) color infrared aerial photographs
were required to identify individual shrub and herbaceous species.,

Shrubs were correctly identified more consistently than herbaceous spe-
cties. Sequential photography was necéssary to seéure the best data unless
single photographic mfssion-planning was required,

3; Herbaceoﬁs sfénding crop biomass was successfully estimated by
measuring optical density of film images in large-scale color infrared
aerial photographs, Shrub species cover, using a measurlng magn|f1er
was estimated at acceptable levels of accuracy as compared to ground mea-

surements from large-scale color infrared aerial photographs,

A T A F e g T T Ty o S S T T,

St R S G A e M S s o e



4. Microdensitometry, to measure film image optical density, was
used to discflminéte amony specilic plant communitics (habltat type) and
individual plant species on color infrared aerial photographs, Small-
scale photégraphs were best suited for communities because the combined
effects of scale and ground resolution inteqrated the community components
into a moreAhomogeneous photorimage than the‘data recorded in large-scale
photos. Photos to scales necessary for individual spepFes idenfification
'~ were required tc discriminate among the species.

5. Recoghition processing of multispectral scanner imagery resulted
in discrimination of native plant ﬁommunities providea.the communities
were quite homcgeneous such as willow headows, sedge/rush/bulrush meadows,
bluegrass meadows, or coniferous treé canopy. Special clustering#analyses
were required for classification of upland steppe communities. |

6. A method to estimate overwinter déath losses of mule deer was‘
developed using 1:2,000 scale color fnfrafed photos secured of a small
area after sncwmeit but before severe carcass degradation occurs,  Although
ratioing was required to associate groﬁnd with phgto counts, the technique
provides a subsampling base from which operational procedures can be devel-
oped that will save ground survey time, Mortality information is required
for assessing animal/hébitat interactions, |

7. A technique was developed to estimate populati&n dénsity of
northern pocket gophers, a small burrowing rodent, Using a ratio procedure
to.relate ground counts of soil surface sign caused by the gophers (mounds
of soil) to photo counts from 1:600 éca]e color or color infrared aerial |
photos; population density estimates_from photos were within 3 percent of

estimates made by ground survey,



i

8. The effects of solar radiation, ai; temperature, and atmospheric
water vapor pressure on the effective radlant temperature (ERT) of deer
and the relations between deer ERT and the ERT of.bare soil, snow, and
sagebrush considering the environmental effects with‘réspect to time of

day was determined. Thermal scanning for deer in a cold environment should

occur between daylight and sunrise to avoid serious discrimination errors

between the animals and background material in the scene,
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MULTISTAGE, MULTIBAND AND SEQUENTIAL IMAGERY TO [DENTIFY
AND QUANTIFY NONFOREST VEGETATION RESQURCES

by

Richard S. Driscoll
P Richard €. Francis

INTRODUCT I ON

Inventory aﬁd surveillance of native vegetation and jts supporting
habitat }s an increasingly important facet of total land-~use planning and
management. This is especially true in light of expanding ér redistribu~
tion of human populations with increasing aemands on natural resource out-
puts. If is imperative that muttiple resource management decisijons to
meet human needslare commensurate with total resource stewardship., Know-.
ledge of the location, kinds énd amounts of nativé vegetation resources,

.énd continuous inventories for detection and assesﬁment of change in the
vegetation or abiotic habitat is a fundamental requisite for those deci-
sions,

Current Inventdry and surveillance techniques for nonforest vegeta-
tion (native vegetation other than trees but including exotic species
seeded as permanent éover for conservation and rehab}litatibn_needs),_are
essentially ground bésed, tedious, and time consuming, aﬁd often with
considerable error; therefore, costly and not entirely reliable, pue to
these factors, research and deve{opment programs must define resource
inventory and surveillance techniques applicable to Synoptic coverage for
;eal time data input, analysis, and recovery. This need formed the basic

problem area for the research subsequently discussed,

-



This is the fifth and final report of research done by the Rocky
Mountaiﬁ Forest and Range Experiment Statibn, forest Service, U.S5. Depart~
ment of Agriculture, under Contract No. R-09;038-002 of the NASA Supporting
Research and Technology (SR&T) program. First funding was received in
Abril 1968 and research was initiated that year toward the following objec-
tives:

l. To determine the aerial photo scale threshold for identification
"of native, low~stature plant species (species other than trees) consider-
ing film-filter combinations, sequential photography, plant size, plant
density, and associated vegetation. |

2. To devalop aerial photo measurement }echniques to quantify kinds
and amounts of native Qegetation in terms of plant communitf area, foliar
cover, and standing crop biomass.

3. To develop multlple sampling technigues for guantitative analysis
of aircr;ft and spacecraft imagery in relation to kind ana amount of vege-
tation by plant communities. |

As the research progressed, two additional objectives were phased into
the program: | |

1. To determine the level of ecological integrity at whicﬁ multi-
spectral scanner imagéry could be used for plant community classification
and surveillance. (The lgve] of ecological integrity refers to the com-
munity category in the hierarchical system ofrclassificat{on in which the
habitat type,is the elemental unit of the system,)

2, To develop techniques to monitor wild animals in relation to“

habitat vegetation with thermal and photographic imagery, (This objective



was expediently designed with the Colorado Division of Wildlife, Wildlife
Research Section and the USDI, Bureau of Sports Fisheries and Wildlife,
Wildllife Ecology Section,)

For tﬁe benefit of potential users of the research results subse-
quently de;cribed3—brief descriptions of the researchrlocations are
included. The succeeding first section of this report provides summaries
of results obtained since initiation of the research. Details of experi-
mental procedures are not included; these can be obtaiﬁed from previous
annual reports and rzferenced publications; The second section provides
details of research done during the last reporting pe}iod. A listing of

all reports and publications emanating from the SRgT funding is included

in Appendix A,

THE STUDY AREAS

Four study areas Qeré iocatéd in Colorado; one in New Mexico. .The
Colorado locations were selected to represent a variety of meadows, steppe,
steppe-scrub, and scrub plant community systems, some intermixed with con~-
iferous and deciduous forest types.

The Hanitou area in central Colérado, NASA Site 242, has been the
primary experimental area and is the location of our ERTS-1 and Skylab
experiments befng conducted in c60peration with the Forest Remote Sensing
Project, Pacific Southwest Forest and Range Experiment Station. The area,
-at an eievafion of approximately 2,350 meters above mean sea level, is
typical of much of the lower montane life zone élong the eastern slope of

the southern Rocky Mountains. The vegetation includes primarily open=-to-

dense stands of ponderosa pine trees (Pinus ponderosa Laws) interspersed



with natural herbaceous parks and meadows, willow (Salix L.) conmunities,
and seeded grasslands,
The Black Mesa area in west-central Colorado included mountain parks

interspersed among mixed forests of Engelmann spruce (Picea engelmannii

Parry) and aspen (Populus tremuloides Michx,) at an elevation of approxi-
mately 3,000 meters above mean sea level, The Kremmling site in north-

central Colorado comprised a scrub plant commdnity system in which big

sagebrush (Artemisia tridentata Nutt.), low.sagebrush (Artemisia triden-

tata arbuscula Nutt.), Vasey rabbitbrush (Chrysothamnus vaseyi (A. Gray)

Greene}, antelope bitterbrush (Purshia tridentata (Pursh) D.C.}, broom

snakeweed (Gutierrezia sarothrae {Pursh) Britt. and Rusby), and mountain

snowberry (Symphoricarpos oreophitus Gray) were tbe mos £ abundant speciés,
The elévation of this area was approximately 2,450 meters above mean sea
tevel, The McCoy afea, also in horth-centfal Colorado, was a pygmy forest
community system where two Shrubs, true mountain mahogany (Cercocarpus
mOntanus‘Raf.) and big sagebrush, were the primary species within the

pinyon pine (Pinus edulis Engelm.) /Rocky Mountain juniper (JuniEerus

scopulorum Sarg, ) comnunity, The elevation here was approximately 2,250
meters above mean sea level,

The New Mexico area included those -nonforest communities included
in Apollo 9 frame 3806 exposed on 12 March 1969. 1t included épproximately
- 10,000 square miles of landscapé in the vicinity of Roswéll, extending
from Fort Sumner on the north to Lake Arthur on the south and the Capitan

Mountains on the west to the Mescalero Ridge on the east. Five higher

order categories of vegetation occurred in the area: (1)} Grama (Bouteloua



Lag.)-galleta (Hilaria H.B.K.) steppe, (2) creosote bush (Larrea Cav.)-

tarbush (Flourensia 0.C.) scrub, (3) mesquite (Prosopis D.C.)}-oak

(Quercus L.) scrub, (&) grama~tobosa (Hilaria H.B.K.) steppe scrub, and

(5) dwarf forest (Juniperus L.).

;’

SECTION |

SIGNIFICANT FINDINGS

Multiple Sampiingrfor Community Classification_and Area

the structure of specific plant community

A multiple sampling technique to estimate the area and, to some extent,

systems using spacecraft photog-

raphy has been developed. It required the supporting use of multiscale

-aircraft photography since scale and ground resolution of the space photos

and the complexity of the plant community systems were such that individual

habitat types could not be discriminated using only the space photos. This

~ was done with the Apollo 9 color infrared (CIR) photographs of eastern New

Mexico in the vicinity of Roswell.

The sampling design defined was basically a subsampling routine in

which larger scale photographs were used successively to sample the next

smallest scale photographs for certain attributes.

scales were used and involved:

Platform

Apollo §
Aircraft
Afrcraft

Aircraft

Film

$0-117

CIR-8443
CIR-8443
CIR-8443

Four aerial photo

‘Scale

1:2.7 M enlarged to 1:750 M
1:80 M
1:20 M

1:2.4 M

The space photographs provided the superior synoptic base upoﬁ which

AR
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only high~order community classification, such as fo;ests and generalized
steppe and scrub systems and whicﬁ represent the initial stratification
for a fesource inventorf*program, could be differentiated, These classi-
fications, which representedhmapping units, almost'aiways consisted of
a group or catena of habfitat t;;es, each of which required more detail for
specific analysis than could be affofaed b? the spaée photos aloqe. Hence,
aircraft photographs were required to secure ﬁhe detail needed for habitat
type analysis., '7 A o ]

_The selection of photo scale for mapping specific.native plant com-
munities or habitat types depended not onlylon the size of the area, as
related to ground resolution of the lens/filter system, but greatly on
the scene contrasts among habitat'types. Photo scales of 1:80,000 were
satisfactory for mapping thHose units with image boundary characteristi&s
ﬁarkedly different from adjacent units; that is where the ecotone between
units was sharp and narrow. Photo scalgs no smaller than 1:20,000 were
required where thé transition or ecotone between units was subt?é and |
broad. An example of the former would be the discriminafion between pre-
‘dominately herbaceous habitat types versus those with shrubs where the
abiotic environmental factors between the two have resulted in extremely
different physical site conditions over short distances. An examp]é of
the latter would bé where the abiotic environmental gradient was gradual
_ such that changes in the structure of the plant communities was also
gradual,

The 1:2,400 scale aerial photographs, by subsampiiné the 1:20,000

scale aerial photographs, provided re}iable.estimates of the number of



individual shrubs or small trees by species in the New Mexico area. How-
ever, the individual shrubs were relatively large, mostly taller and wider
than |1 meter, and spacing betwaén individual ﬁlants was usually hore than

| meter. Also, those types with shrubs were relatively homogeneous, usually
no'more than three Species per type. This photo scale Eequirement changes
as the individual shrubs become smaller, the distance between them becomes
less than | meter, and the shrub population becomes more heterogencous.
These requirements are subsequently discussed.

- Seventy millimeter format aircraft strip photography at the scales
mentioned and dot-grids to cover the effective area of each frame were
used to estfmate the areal extent of habitat types within the mapped units
of the space photographs. Individual frames were considgred primary sam-
pling units. Secondary, or subsample units, were defined as squares of
four dots each, lndependeﬁt of grid density.

Based on analyses of variance for subsampling sfétist#cs, it was
determined, for the New Mexico arca, that the ”bes£“ grid system for |
estiméting habitat type area was 36 dots per Ench2 usfng 50 percent of
the subsampling units. 'Best' was defined as that gfid pattern which
yielded an area estimate with the least standard deviation consistent
with minimum cost in relation to sampling intensities. increasing sample
size to 64 dots per inch2 doubled sampling time for an.insignificant
decrease in standard deviation estimates. The.decrease in sample size
to 16 dots per inch2 increased the standard deviation, as compared to
the 36 dot per inch2 grid, to unacceptab]é proportions. An example of 3

these comparisons is shown in Table 1.
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G e TABLE 1.". COMPARISONS. OF STANDARD DEVIATIONS USING VARIOUS, DOT-GRID DENSITIES
T AN RELATION TO SAMPLING TIME AND INTENSITY: PHOTO SCALE - 1:20,000

Community Type

| : '

Subsamples. | Grid .
Used Stze Time Area §— Area 5— Area e
—— b Y Y
Percent Dots/in.2 Min. Percent Acres Percent Acres Percent Acres
16 50 35 0.615 31 0.612_ 34 0.551
60 " 36 60 36 0.592 36 0.578 28 0. 489
64 120 37 0.410 40 C0.435 - 23 0.33k
16 15 - by 0.626 28 0.728 28 0.784
50 36 5 - .39 0.565 34 0.570 . 27 0. 461
64 © 90 38 0. 463 33 C.458 29 0.423
16 : s 43 0.904 37 . 1.470 20 0.713
Lo - 36 25 n 0.756 31 0.689 28 0.635

o4 55 . 39 0.555 32 0.481 29 0.499



From these data, the optimum sample size for both primary and second-
ary units can be determined on the basis of a preselected standard error
using optimum allocation equations for mulllstége sampling., For Lhis
example, the number of primary units and secondary units, or subsamples

-

per priméry unit for three habitat types, were found to be as follows:

] Cptimum - Opt imum
Habitat Type Primary Units Secondary Units
1 ' 3 ) 18
2 | 6 12
3 6 - 13

These data were derived wsing 1:20,000 scale aircraft photegraphy to
Subsamp]e the space photography for classifying habitat types and deter-

mining their areal extent, The 1:80,000 scaie photographs were of limited

value due to unacceptable interpretation errors for c¢lassifying the speci-

fic community systems,

The information provides a primary technique whereby quantitative

~ information about native plant communities imaged in spacecraft photographs

can be quantified by sampling with aircraft photographs., From this New
Mexico data, it is.apparent that ét least a 2:1 ratio of secondary to pri-
mary sampling units would be required to get acceptéble (1o percent stan-
dard error) estimates of habitat type arearusing 1:20,000 scale aerial
photographs. The 1:2,400 scale photographs provided reliable estimates of
numbers {density) of shrubs and small trees. These requirements may not
be applicable to other areas with different kinds of vegetation., Presam-
pling must be considered to determine the sampling constraints required;

Details about this research are documented (Driscoll 1969b, Driscoll 1470,



Poulton, Driscoll, and Shrumpf 1969),

Plant Species ldentification

Shrubs

The fiim type/scale/season combination for identifying individual
shrub speciég wiith 70 mm aerial photography has been defined. .This is an
absolﬁte requirement prior to making structural analyses of plant commun-
ity systems with aerial photographs. The information enhances smapling
procedures whereby 70 mm data is used in concert with siandard 9 1/2-inch
format aerial photography. This research was done at the Kremmling, McCoy,
and Black Mesa study areas.

fdentificatlon of individual shrubs was significantly better (P = 0.01)
on large-scaieI(I:SOO'— 1:1,500) color infrared aeria) photographs than on
normal color (Table 2). Eight of 11 species were fdentlfied correctly
more than 80 percent of the time on color ?nfraredg two were correctly
identified 100 percent of the time. Six species were identified more than
80 percent correctly on color photographs, but none weré identified 100
percent correctly. Photo scales smaller than 1:2,400 Had Timited valﬁe
except for mature individuals of relatively tall species (> | m) ‘in dense
stands (crown margins touching or nearly so). |

Early July photographs provided the most information about all spe-
‘cies considered if an lnvestlgator was constralned to a single time of
data collection, Identlflcatlon of some species was 1mproved by using
earlier (June} or later {August-September) aerial photographs, depending
oﬁ the phenology of the species. More detailed informati fon about this

research has been published (Drlscoll 1970 Driscall and Francis 1970).



TABLE 2. PERCENT CORRECT SHRUB IDENTIFICATION BY SPECIES
AND FILM TYPE -~ AVERAGE OF FOUR INTERPRETERS

- '\\.\_\
Plant Species — CIR! D-200°
Low sagebrush (Artemisia tridentata arbuscula) | 100 98
Big sagebrush {(A. tridentata) %0 93
Mountain mahogany (Cercocarpus montanus) 100 92
Parry rabbitbrush (Chrysothamnus parryi) 60 54
Vasey rabbitbrush (C. vasexi) . . 56 50
Broom snakeweed (Gutierrezia sarothrae) 93 88
One-seed juniber (Juniperus scopulorum) 96 94
Pinyon pine (Pinus edu]is)‘ ' | 92 90
Bitterbrush (Purshia tridentata) 80 . 50
Cinquefoil (Potentilla fruiticosa) | 83 79
Mountain snbwberry (Symphoricarpos oreophilus) 65 53

Mean 82 76

]Ektachrome Infrared Aerc (Type 8443)

Zpnscochrome D-200 (Type 7230)

11
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Also, a manuscript elaborating on this research has been submitied to

Photogrammetric Engineering (Drlscoll and Coleman 1973).

Herbaceous Species

Identification of herbaceous plant species was much more time-
dependent than identification of shrubs using large-scale'70 mm aerial
color and color infrared photographs, .Photo scales smaller than 1:750
have proved to ke of very limited value except where population dispersion
has created clumps of material.

In areas where herbaceous species deveiop essentially simuitaneously,
except for some vernal species, photographs obtained at the tlmc of spe-
ties maturation p:ovfded the best success for individual species identlfi-
cation, For example, differentiation In foliage color of broad-leaved
speC|es after fruiting ucua‘ly results in d!fferential image colors such
that indlvidua! species can be identified nearly 100 percent correctly in
i 600 - 1:750 CIR aeria} photographs. Also, species with relatively large

showy flowers, such as orange sneczeweed (Helenium hoopseii A, Gray) or

arrowleaf balsamroot {Balsamorhiza sagittata (Pursh) Nutt.), were identi~

fied accurately in CIR photography at scales up to 1:750.

| In areas characterized by two growing seasons -- late spring-early
summer and midsummer , such as the Manitou area -- sequential seasonal
photography was required, Early season photogréphs at séales from 1:600 -
1:800 provided, in general, more accurate identification for most herba-
ceous species than later season photographs {(Figure 1). All species con-

sidered, there was little difference between color and color infrared

except for grasses. Species like Arizona fescue (Festuca arizonica Vasey),
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mountain muhly (Muhienbergia montana (Nutt.) Hitch.), .and blue grama

(Bouteloua gracills (H.B.K.,) Lag.) were more consistently correctly iden-

tified on CIR as compared to color (Table 3). Identificallon of 1 ow~
growing broad-leaved forbs was highly variable between film types and
among dates of photography, ]ﬁ all cases, bare scil between plants was
- more accurafely identified using the_norma{;éolor photographs. In the
Manitou areé, the color signatures of mat-forming broad-leaved plants,

like trailing fleabane (Erigeron flagellaris A. Gray), and bare soil were

similar in the CtR photographs,

In general, plants less than 10 ecm in diameter could be detected as
discrete objects in the largest scale photog;apha but the resolution was
such that the plants could not be identified. Additional details of
this research have been published (Driscoll 1971a, brisco]l and Francis
1970, Driscoll et al 1970),

Measurement of Plant Community Parameters

Standing Crop Biomass

A technique has been developed whereby green standing biomass of a
seeded grassland and correéponding harvested dry weight can be estimated
using large-scale CIR aerial photographs and image optical density.
Image density derived from 1:563 and 1:3,855 scale photographs with a-
scanhing microdensitometer proﬁided valid estimates of either green herb-
age of harvested dry weight {r = >0.80) (Table 4). tn all cases, the cor-
relation coefficient was high and significant (P = 0.01). The best rela-
tionship occurréd between image density and harvested dry weight (r = 0,87)

from the 1:563 photo scale and was expressed by the linear equation:
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AND BARE SOIL SURFACE BY FILM TYPE ‘AND FLIGHT DATE

 TABLE 3. PERCENT CORRECT IDENTIFICATION FOR HERBACEOUS PLANT SPECIES

1

D-200 E1R
ltem 6/1/68 7/3/68 8/8/68 6/3/62  8/17/69 6/1/68  7/3/68 8/8/68 6/3/63 B8/17/69
------------------- Percent-=--=rmmeeme—cenooo I T el L L
| Forbs:
No
Pussytoes 70 47 Coverage 89 59 60 53 86 8s 70
Trailing fleabane 73 48 36 0D 58 45 61 J 0
Fringed sagebrush L2 16 20 30 34 16 37 27 34
Grasses: \
_Arizona fescue 62 59 48 52 74 | 59 69 6§ 63
Blue grama 48 73 68 24 80 62 53 73 37
Mountain-muhly 54 59 4 36 .69 hg 4o 55 Lo
Bare soil: 90 72 '83 72 35 50 62 63 56

'Anscochrome D-200 (Type 7230)

2Extachrome Infrared Aero (Type 8443)
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TABLE 4, COEFF{CIENTS OF CORRELATION (r) AND DETERMINATION (r%) FOR
IMAGE DENSITY VALUES AND GREEN AND CORRESPONDING HARVESTED
DRY WEIGHT; COLOR |NFRARED PHOTO SCALES 1:563 AND 1:385%

Pﬁoto Scale
1:563 ' o 1:3855
I’F_“

Green weight

r 0_857‘:;': ‘ 0,81

r? 1Y 0.66
Dry welght

T & . 0.87** ‘ . 0_80;'::‘\'

r2 ST 0.64

*tHighty signifiéant (P =0.01}.
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a + b{X) where:

-
]

standing crop production (dry weight)

)

~151.72

a

b.= 62,61

/; - ™~

.

X = iﬁége density

S}nce dry weight determinations may not be operétionalay feasible to
secure, the relationship between green standing crop and image den;ity
might be more préctical. In this case, an estimate of green standiné crop,
using the 1:563 photo scale, was expressed by the linear equétion:

\’
)

a + b{X) where:

]

Y = standing crop production {green)
a = -281,3)

b = 115,64

X = imaée density

Mean image density of six simulated productivity levels was significantly
different among'most levels of production represented in both phoﬁo scales,

These results have been published (Driscoll et al 1972).

Species Foliage Cover
Foliage cover of Individual shrub species can be estimated 10 times
faster on large-scale (1:800 - 1:1,000) CIR photographs and with comparable
accuracy as compared to ground measurements using a line-transect technique,
The correlation coefficients between ground and photo measurements of one
species, big sagebrush, were highly significant (P = 0.01) and greater
than 0.86 using a simple measuring magnifier (Figure 2). Accuracy of mea-

surement depends on the interpreter's success in identifying the individual

17



Pt on " et s B

45
40

a5

25 —
20

15 -

Phote Measurecents - %2 Cover

10

1 | 1 T
30 35 40 45

Ground Meagurements ~ % Cover

Figure 2. Comparison of ground to photo measurements of percent cover
of big sagebrush: measuring magnifier.
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species. These data have been publishéd (Driscoll 1970),

Microdensitometry for Specles and COmmunify i.0.

The optical density of plant species and community images in aerial
CIR tranSpafencieé, estimated by a scanning microdensitometer, can be
used for semi~automated interpretation of these resource elements, Small-
scale photos seemed best suited for discriminating among high-order plant
communities such as coniferous forests versus.steppe or scrub systems.

For example, the mean density (3;7) of ponde}osa pine forest at the
Manitou area was discretely less than for native steppe {3.04) of seeded
grassland (3.25) using 1:139 M photography. In this case, the differences
between the two herbaceous communities were also discriminable. Also,
image density differences between spruce-fir and ponderosa pine forest
systems were discrete,

The image density of selected individual species obtained from
1:1,100 scale CIR transparencies showed discrete differences among some
of the species (Figure 3), although the rénge in density values shows con-
siderable overlap (Table 5). Of prime importance; hpwever, was the fact
that the image density and density Fange of bare soil were significantly
'Iess than those of live vegetation for the area where this research was
conducted. This procedure identifies a semi-automatic photo measurement
technique to monitor change in total plant cover relative to increases
or decreases in bare soil.

Some results of this work have been publiéhed {(Oriscoll et al 19?0,,
Driscoll 1971b). Results of all our research done with microdensitometry

have been summarized in a manuscript to be submitted to the Journal of
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TABLE 5., MEANS AND RANGES OF TRANSPARENCY DENSITY VALUES

OF COLOR INFRARED IMAGES OF 5 SHRUBS AND BARE SOIL
SCALE 1:1,100, PHOTO MIS$S1ON

3 AUGUST 1968

Species or object

Film density values

Mean Range
Cercocarpus montanus 3.676 3.15 ~ 4. 42
Pinus edulis 3.655 3.26 - 4,12
Juniperus scopulcrum 3.266 3.04 - 3,56
-Purshia tridentaté 3.169 2.97 - 3.53
Artemisia tridentafa 2.805 2.56 - 3,00
Artemisia longiloba 2,768 2,62 - 2,72
Bare soil 2.497 2.4 - 2,58
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Range Management {Reppert et al.1973).

Multispectral Scanner Imagery for Plant Community Classification

Multispectral scanner imagery coupled Qith automatic daté processing
may be an Integral part of future land management decisions for classify-
ing and monitoring changes in nonagricultural vegetation. Although it has
been demonstrated that the technique can be used for high-order_végetation
categories, i.e., forests and bogs, it has ﬁot been known with certainty
the specific level of integrity in the ecological hierarchy of plant com-
munity classification at which the method is applicable.

The results of recognition processing of 10~channel.multispecfral
_scanner data identified six.as providing the best information.for com-
puterized classification of 11 plant communities ecologic;lly identified
by ground research, The communities were established on ‘the basis of
current aspect and relative simitarity of‘cqmposition of plant species
componénts. Two nonvegetation categories, asphalt roads and bare soil,
‘were also included. The six best channels choseﬁ on an ordered selec~
tion scheme were:

10% Peak Power

Chénnel No. Bandpass (um)
10  0.604 - 0.700
12 | 0.725 - 0.920
5 0.478 - 0.508
9 0.566 - 0.638
7 0.514 - 0.558
6 0.492 - 0.536

The recognition processing provided acceptable discrimination of
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hfgh—order categories which were ponderosa plne forest and all upland steppe
communities. 'Specif{c communities ecologically classified to the habitat
type leve! that were adequately recognized were willow meadows, native
bluegrass meadows, and sédge/rush/buirush meadows,

Apparent probl;ms in computerized classificaiion of steppe community
systems occurred whenever the proportion of bare soil and plant litter
on the ground exceeded the proportion of live vegetation foliar cover. A
clustering technique, which used the probability of misclassification to
determine spectral similarity of representative traininé areas for the
computerized recognition processing, improved classification of the steppe
systems, These results have been summarized (Driscoll 1971b) and will be
pub}iéhed in the Bth International Symposium on Remoté Sensing of Environ-
ment Proceedings  (Driscoll and Spencer 19?2), This research was done at

the Manitou area.

Wild Animal~Habitat Relations

Simply knowing and understanding the vegetation 6f én area is not suf-
ficient for undersfanding the dynamics of the ecosystem; Animal/habitat/
vegetation interactions are important ponsiderations,and animal mortality,
as a-bart of total population dynamics, is a needed functibn to assess
animal/vegetation relations,

Large-scale (1:2,000) CIR aerial photographs may be applied to assess
overwinter mule deer morta?itf on winter ranges similar to those around
the Kremmling area. On the average, five interpfeters identified 68 per~
cent of known imaged carcasses. Omission errors were relatively high, 32

percent, but this was due primarily to late season (July) photography, At
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that time, carcass decomposition and disturbance by scavengers made detec-
tion, even by ground search, difficult except by very close obscrvation.

This research was sponsored partly by the Game Research Section, -

Colurado Bivision of Wildlife.go coordinate with our SReT research on
inventory and surveillance of native vegetaﬁion.. Preliminary results
have been summarized {Driscoll and éill 1972),‘and upon completion of
analysis of data obtained in Hay-}972, a manuscript will be prepared for .

publication in a technical journal,

SECTION 11

CURRENT YEAR ACTIVITIES

il

Primary effort during the current year has been devoted to completing
two studies dealing with habitat/wild animal relations. The habitat/
animal remote sensiﬁg research, in addition_to being part of the SRET pro-
gram, was coordinated Qith and supported partly by ongq?ng research of
the USDl, Bureau of Sports Fisheries and wildlife, Wildlife Ecology Sec-

tion and the Game Research Sectlon of the Colorado Division of Wildlife.

Aerial Photos and Pocket Gopher Populations
Western pocket gophers (Thombmxs spp.) are small indigenous rodents
inhabiting most areas in the western United States. The northern pocket

gopher {Thomomys talpoides) is common to the high mountain forests, parks,

~and meadows in Colorado and adjacent areas., This small rbdent, during
high population cycles, frequently causes severe disturbance to.the land-
scape due to its vegetation consumption and soil disturbance activities.
For example, average populations (15 per acre) consume approximateily 1,100

pounds of fresh herbage per year in areas like the Black Mesa site. During
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expected population Increases, thesé'rodents, which cﬁlonlze, would con-
sume a significant amount of total standing crop blomass, In addition,
burrowing and soil surface mounding activities create possible deleterious
effects on the ecosystem by incfeasing the potentfai of accelerated soil
.erosion. However the rodent is a part of the cybernetics of the ecosystem
and contributes an important function to the Integrity of the system.
Therefore, knowledge about the population dynamlcs of the animal and its
effects on the habitat &re a part o% undérstanding gcosystem strucfure and
function. . | | | |

The degree of earth mounding:of these-fodents In the late summer is .
dlrectly related to population dens:ty and hence, periodic changes in
this actlvity relate to pepulation fluctuations and predictaons on effects
on the ecosystem. The earth mounds'(FigUre #) are conica1 shaped mounds
of soil dep05|ted on the soil surface as a result of subsurface burrow~
building. New mounds have a f!uffy appearance and are darker colored
than the surrounding soll surface. 0ld mounds that have been exposed to
the elements are crusty and assume the color of the undisturbed s0il sur-
face. These characteristics were exploited‘for preliminary interpretation
of large-scale (1:600 - 1:2,400) C{R aerial photographs for discrimination
between old and new mounding activity (Driscoll 1971a). The hypothesis of
this experiment was that pocket gopher éenslty-(numbers) could be estimated

using large-scale aerial color and/ar color Infrared aerfal photographs,

‘Procedures
Three pairs of approximately l-acre (0.41-hectare) plots were located

in park areas at Black Mesa with knowﬁ popuiations of northern pocket
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Figure 4, Pocket gopher earth mound. - New mounds have a fluffy appearance
and are darker in color than the soil surface or mounds that have been
exposed to the elements for a few days. These characteristics were exploited
for interpreting current moundang activity in 1arge scale (1:600) CIR aerlal
photographs,
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gophers. Within each plot, twenty 0.0l-acre (0.0041 hectare) subplots
were lccatedAby réndom selection such that five occurred in each gquarter
of the large plots.

Within.the subplots of one large plot of each pair, all gopher
mounds were.obliteréted 48 hours prior to a planned photo mission. Such
signs in the other plot of each pair were Ieft unfouched. This was-déne
to test the additional hypothesis that "old" mounds cogld be discriminated
from “new”lméunds using the resultant aerial photographs.‘ Counts of new
gopher mounds on all plots were made during the photo mission. Samplihg
requirements and the mound counting~time interval weré established by
research personnel of the Bureau of Spﬁrts Fisheries and Wildlife for mon-
itoring gopher populations by ground éurvey.

The photo mission was flown August 31, 1971, between 1030 and 1120
hours, Mountain Standard time. Two fiim lypes, Aerochrome infrared
(Type 2443) and Ektachrome Aero (Type 8442) were Flown'for two photo
scales, 1:600 and 1:1,200. The photography was obtained using the Forest
Service Aero Commander 5008 with a duéf mounted Maﬁrer KB8-A camera sys-

tem,

rResuits and Conclusions
Interpretation of 1:600 scale color or color Enffared aerial photo-
graphs to count northern pocket gopher mounds for establishing population
densities of the rodent were 97 percent as accurate as ground survey only
(Table 6). Theré was no significant difference getweén film types. How-
ever, interpreters favored the CIR since it was re]atlveiy easier to posi-

tively discriminate between live Vegetatson and non- vegetated areas with
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TABLE 6., COMPARISON OF POCKET GOPHER POPULATION PER ACRE (0,41 HECTARE)
ESTIMATED BY GROUND TRUTH SIGN COUNTS AND PHOTO INTERPRETATION
SI1GN COUNTS USING '1:600 SCALE COLOR OR COLOR INFRARED PHOTOS#

Normalized P.I.

Estimates

by Interpreter

Flot — Actual Population t I il
A 4 38 Lo 36
B 34 4y 36 ho
c 28 25 30 35
D 22 35 37 28
£ 40 26 29 32
F | Lo 31 26 25

Mean 34 33 33 33

#Data normalized over all subplots for each interpreter,
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this film type. Earth mounds were generally not discernible with accept-
able accuracy In the 1:1,200 scale photas except where they had been
marked on the ground for positive photo identiflcation,

Data an interpreted mound counts from the aerial photos were nor-

: . . L e _ Ground counts
malized to actual ground counts by rgtlplng. R = Rerial photo counts

This ratio was determined for each subplot and also on a large plot basis.

The resultant data were then applied to the equation:

¥ = 0.6582 VRM log (RM+}).where:
; = estimated population density
R = normalized mound count
M = photo identified mound counts per acre

to provide an estimate of anlmal deﬁslty per area.

The best<p0pdlation estfmateg through photo counts, as cdmpared to
actual ground counts, were obtained when the data for individual inter-
preters were used independently rather than combined from all interpre—
ters, Uéing combined data from él] interpreters to estaﬁlish a comnon
~denominator, two interpreters overestimated the apparent population
density by 6 percent, a third interpreter underestimated population
density by 15 percent. !ndependent??, each of three interpréters pro-
vided population density estiﬁates that were only 3 percent less than

was obtained by ground-based estimates.

Population estimates of northern pocket gophers can be obtained
using the technique defined, and this information can be used to monitor
change in reiation to influences on the habitat, However, subsampling
routines must be a part of an operational procedure since the relation-

ship between ground and photo-interpreted data must be established,
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Results of this research are being prepared as a Master of Science
thesis (Watson 1973) by Thomas C. Watson, who is a Range Technician with
the Rocky Mountaln Forest and Range Experiment Station, and also a Grad-
uate Student in the Range Sﬁience Department at Colorado State University
under the direction of the Principal (nvestigator, Richard $. Driscoll,

A technical journal or Experiment Station paper reporfiné the results is

planned.

Thermal Sensing of Deer in a Cold Environment
Mule deer and other large herbivorous mammals which inhabit mountain-

ous areas at mid-to-high latitudes in the western United States are forced

‘to migrate seasonally to gain access to food supplies. This occurs during

the fall of the year when snow covers the vegetation at higﬁer elevations
and the animals must move to areas of less snow-deptﬁ to survive, Gener-
ally, these "winter ranges' are smaller in area than the fsummer ranges'!
and, hence, are a primary controlling mechanism govérning size, structure,
and general health of the animal population, as well as the condition of
the habitat, Thus, it is important not only to know how much and where
the accessible vegetation for animal sustenance occurs on the winter
ranges, but also the size of the animal population dependent on it. The
resource manager needs this information to make necessary adjustments
required to establish healthy habitat/animallbalance and to avoid serious
animal losses due to starvation or epizootic outbreaks. bther kinds of
animal populations exhibit similar interactions with their habitat,anq

it is not infrequent that certain segments of the habitat are the control-

ing mechanism for healthy populations.,
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To determfne populations and assess population dynamics in relation
to habitat has required tedious ground search techniques, although aerial
photos and direct visual observation from the air have been used for wlld
animal counts. However, these technlques reguire daylight, a time durlng
which the anlmajs are frequently hidden from view due to thejr nocturnal
habits. Therefore, thermal scanning, which is not liéht dependent, pro-
vides a potentially useful téchnique to assess habitat/animal interactions.

That thérma]rsensors cén detect deer and other mémmals is known.
However, it is not known what the environmental constraifts are that will
permit the obtaining of maximum information:about the animals in relation
to their habitat., This need formed the basis for research having the fol-
lowing objéctivas: (1) To determine the effects of various environmental
factors on radiant temperatufeé of mule deer in a cold environment, and

(2} to determine when, in terms of the environment ral factors studied,

detection by a thermal scanner would be most likely.

Procedurés

Four tame mule deer were placed in an open-air exclosure, 30.5 x 61
meters in sizé, located on a 17 ﬁertent southwest slope. This site,
within the Kremmling area, is environmentally typicél of most winter mule
Adeer ranges in the western United States. The exclosure had been built
by the Colorado Division of Wildlife for research on other aspects of
deer/habitat relationships,

Data about the deer and certain environmental factors were secured
: duriﬁg the cold season, January-March. This season was chosen for two

reasons: (1} previous attempts at thermal scanning for deer detection
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emphasized the desirability of a cold background, (2} for practical
applications, detection missions would likely be planned during the winter
season when the animals are concentrated on limited areas free of tree

cverstory. e

Effective radiant temperatures (ERT) were measured with a Barnes
PRT-5 precision infrared radiometer during selected sample periods threUQh—
out the 24-hour day, ThIS included. |nformatlon ‘about deer, Show, - sage-
brush (the plant species most frequently protruding above snow), bare .
soil, and solid rocks. The same sagebrush and rock surfaces were used
duriné all data collection periods, Snow and bare soil sample surfaces
varied somewhat due to the variation In snow cover during the data collec-
tion periods. Deer measurements were obtained whenever the animals were
within 40 feet of the obseEVer, a constraint placed by the radiometer with
its Zo-field-of-view. To have positive control over the target surface
viewed, a 4-power telescopic sight was moented on the radiometer head,

All ERT measurements were made from a specially constructed platform
extending into the exclosure (Figure 5). |

. Environmental factors measured included air temperature, windspeed,
atmospheric Qater vapor pressure, and solar radiation. Air temperatures
were recorded cont?nuously with a United Electronic Controls Company
thermograph and, at the start and end of each sampling period, by a mer-
cury thermometer. Windspeed was measured at two points in the enclosure
J.by Casella cup anemometers. Atmospheric water vapor pressure was measured
by a sting psychrometer. Solar radiation was measured by a Kahl Scientific

star pyranometer.
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Figure 5, ERT measurements of deer and other objects typical of winter
ranges were made from a specially constructed pIatform extendmg into
the exclosure, ‘ :



The radiometer, anemometer, and pyranometer data Qere recorded on
FM analog tape. Air temperatures, psychrometer bulb temperature, cloud
cover estimates, and time were recorded by hand,

Stepwise, multiple linear regression was used to determine the inter-
actions between the environmentai\Variables and the ERT of deer, sage-
brush, and snow. The ERT was the dependent variable; the environmental
factors were the independent variables., Also, régression was used to

estimate the thermal contrast between deer and sagebrush and deer and

SNowW,

Results and Conclusions

The regression analyses indicated the following with respect to the
surface temperature regime and detectability of mule deer in a cold
environment: | |

1. There was an erratic éffect of direct solaf radiation during day-
light hours under clear skies on the ERT of deer such tha; detection and
recognition of the animals would be highly unpredictable (Figure 6). It
should be noted that the ERT of a completely sunlit deer surface always
exceeded the ERT of the inanimate surfaces after sunrise, approximately
0800 hours. However, the ERT of the shaded deer surface was highly
erratic with reépect to the ERT of the inanimate surfaces, The combined
spn}it—shaded surfaces would be the results of c¢loudless daytime thermal
scanning and, hence, would lead to nonacceptable discrimina;ion errors,

2, In the absence of direct solar radiation, the ERT of deer and
the dry background surfaces measured was closely asscciated with and

always greater than air temperature and diffuse solar radiation (Figure 7).
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Considering an operational procedure, this set of circumstances would pro-
vide possibly the 'best' opportunity for deer detection and discrimination
provided a mission was planned between 0900 and 1200 hours under conditions
similar to those {n the Kremmling area, |In addition, aircraft navigation
problems woﬁid be minimized provided the navigationai ceiling is satisfac-
tory.‘ However} the logistics of providing‘equipment and personnel to

match the specified conditfons.would likely prove difficult,

3. On the average, deer ERT exceeded the ERT of #he background mate-
rials measured in this study, during periods of no direct beam solar illum-
ination, by an amount inversely proportional to air témperature. The
thermal contrast between deer and sagebrush or snow, the primary background
materials iﬁ the study afea, would be at least + 2° C with direct solar
radiation at zero, a difference sufficient for detection and discrimfnat}on
with most non-classified, sensitive thermal scanners.

4. The effects of wind could not be rea]isticaliy assessed because
of the measurement technique used. The-cup anemometers used essentially
measured the laminar flow component, ignoring the‘turbu1énce that occurs
OVer uneven sﬁrfaces. \

There were no environmental conditions during the period of this
study under which deer ERT always exceeded the ERT of the background mate-
rials except when the background was a complete snow cover. Therefore,
there would always be a certain amount of eéfor associated-with quantita-
tive detection of wild deer. On this basis, diurnalkeffécts oh potential
detection should be assessed.

The day may be separated into four periods:
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1. Daylight: sunrise to sunset
2. Night: the hours of darkness
3. Post-sunset: the period from sunset to darkness

4. Pre-sunrise: the period from darkness to sunrise.

e

The daylight period had gééatest thermal contrast between deer and
background material under the conditions duriﬁg this study. However, it
also is the period when potential discriminat{on errors are at a maximum
on clear days due to either solar heating of background materials bf the
shading effect. |

The night period, after dissipation éf residual solar heat, would
probably be the '"best" time for detection, since the major heat source
is the énimals. Although thermal contrast between deer and background
materials was reduced durirng this period, there should be sufficient cﬁn-
trast for detection. However, &uring the dark, safe flying at low altitude
is impossible over most winter range areas; considering existing non-clas-
sified equipment,

The post-sunset period is free from &irect effects of bright.sunlight,
but the heat-sink in rocks and perhaps bare soi? sustainslthe daytime
error potential until well after dark.

The bre-sunrise period probably represents the optimum time fo} deer
detection in a co]d;env?fonment when visual aircraft navigation is required.
The reduction of detection and discrimination errors associated with the
night period is maintained until sunrise,

Thermal scanning for mule deer to assist in assessing habitat/animal
interactions s not yet operational., More research is needed to quantita-

tively determine wind effects on detection and discrimination probability

38



of deer, or other large animals, in re{ation to other environmental factors
and background materials., The spectral and spatial requirements of a
thermal scan system must also be identifled in relation to topograbhic
and aircraft navigational cohstra}nts.

Results of £his experiment have been presented in a Ph.D. disserta-
tion (Parker 1972b) under the direc%ion of the Principal Investigator,
Richard S, Driscoll. A technfcal journal or -Experiment Station paper is

planned.
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APPENDIX A

NASA-USDA FORESTRY AND RANGE REMOTE SENSING RESEARCH PROGRAM

STAR* No.

N67-19905

N66-39698

N67-19939

N66-39304

N66-39386

N66-39700

“REMOTE SENSING APPLI{CATIONS IN FQRESTRY' SERIES

1966 Annual Reports
Title

Carneggie, D. M., W. C. Draeger and D. T. Lauer. The
use of high altitude, color and spectrozonal imagery for
the inventory of wildland resources. Vol. 1: The timber
resource.: Schoo! of Forestry and Conservation, Univer-
sity of California, Berkeley. 75 pages.

Carneggie, D. M., E. H. Roberts and R. N. Colwell. The
use of high altitude, color and spectrozonal imagery for
the Inventory of wildland resources. Vol. Jl: The
range resource. School of Forestry and Conservation,
University of California, Berkeley. 22 pages,

Carneggie, D. M. and R. N. Colwell. The use of high
altityde, color and spectrozonal imagery for the inven-
tory of wildland resources. Vol. Ill: The soil, water,
wildlife and recreation resource. School of Forestry
and Conservation, University of Califcrnia, Berkeley.

42 pages.

Heller, R. C. et al. The use of multispectral sensing
techniques to detect ponderosa pine trees under stress
from insect or pathogenic organisms. Pacific Southwest
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 60 pages.,

Lauer, D. T. The feasibility of identifying forest
species and delineating major timber types in California
by means of high altitude small scale aerial photography,
School of Forestry and Conservation, University of Cal-
ifornia, Berkeley. 130 pages.

Wear, J. F. The development of spectre-signature indi-
cators of root disease on large forest areas. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 24 pages.

*Available through NASA Scientific Technical and Information Facility,
P. 0. Box 33, College Park, Maryland 20740.
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STAR No.

N66-33303

N66;39&05
N68-17L06
N§8-I749§
‘N§8-1767l
N6$-173?8

N68-17408

N68-17247

Title

Lent, J. D. Cloud cover interference with remote
sensing of forested areas from earth-orbital and lower
altitudes. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 47 pages.

~Weber, F. P. Multispectral imagery for species identi-

fication. Pacific Southwest Forest and Range Experi-
ment Station, U.S$. Forest Service, USDA. 37 pages.

1967 Annual Reports

Draeger, W. C. The interpretability of high altitude
multispectral imagery for the evaluation of wildland
resources. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 30 pages.

Lauver, D. T. The Feasibilityvof identifying forest
species and delineating major timber types by means of
high altitude multispectral imagery. School of Forestry
and Conservation, University of California, Berkeley.

72 pages. -

Carneggie, D. M., €. E. Poulton and E. H. Roberts,
The evaluation of rangeland resources by means of
multispectral imagery. School of Forestry and Con-
servation, University of California, Berkeley. 76
pages.

Wear, J. F. The development of spectro-signature
indicators of roat disease on large forest areas.
Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 22 pages.

Heller, R, C., R. C. Aldrich, W. F. McCambridge and

F. P. Weber. The use of multispectral sensing tech-
niques to detect ponderosa pine trees under stress from
insect or pathogenic organisms., Pacific Southwest

Forest and Range Experiment Station, U.S. Forest Service,
USDA. 65 pages.

Weber, F. P. and C, E. 0O)son. Remote sensing impli-
cations of changes in physioclogic structure and function
of tree seedlings under moisture stress., School of
Natural Resources, University of Michigan. 61 pages.
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STAR No. - Title

1968 Annual Reports

N69-16461 Lent, J. D. The feasibility of Identifying wildland
resources through the analysis of digitally recorded
remote sensing data. School of Forestry and Conserva-
tion, Unlversity of Callfornia, Berkeley. 130 pages.

N69~-25632 " Carneggie, D. M. Analysis of remote sensing data for
' range resource management. School of Forestry and

Conservation, University of California, Berkeley.

62 pages. ,

N69-16113 Lauer, D. T. Forest species identification and timber
type delineation on multispectral photography. School
of Forestry and Conservation, University of California,
Berkeley. B85 pages.

N72-75471 Priscoll, R. S. and J. N. Reppert. The identification
and quantification of plant species, communities and
other resource features in herbland and shrubland
environments from large scale aerial photography.
Rocky Mountain Forest and Range Experiment Station,
U.S. Forest Service, USDA. 62 pages.

*ok Wear, .J. F. The development of spectro-signature
' : indicators of root diseass Impact. on forest stands.
Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 27 pages.

N69-16390 Poulton, €. E., B. J. Schrumpf and E. Garcia-Moya.
The feasibility of inventorying native vegetation and
related resources from space photography. Department
of Range Management, Agricultural Experiment Station,
Oregon State University. 47 pages.

N71-37947 Heller, R. C., R. C. Aldrich. W. F. McCambridge, F. P.

‘ Weber and S. L. Wert. The use of multispectral sensing
techniques to detect ponderosa pine trees under stress
from insect or pathogenic organisms. Pacific Southwest
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 45 pages.

N63-12159 Draeger, W. C. The interpretability of high altitude
multispectral imagery for the evaluation of wildland
resources. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 68 pages.

*%*STAR number notlavailab]e;
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STAR No.

N72-7h472
N§9-1535§
N70-41162
N70-4116k
N?O«%ZO&Q
N70-41064

N70-41282

N70-41063

Titte

Langley, P. G. and D. A, Sharpnack. The development of
an earth resources information system using aerial
photographs and digital computers. Pacific Southwest
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 26 pages,

. 0lson, C. E. and J. M. Vlard. Remote seﬁsing of changes

in morphology and physiology of trees under stress.

- School of Natural Resources, University of Michigan.
43 pages. .

1969 Annual Reports

0ison, C. E., J. M. Ward and W, G. Rohde. Remote

sensing of changes in morphology and physiology of
trees under stress. School of Natural Resources,

University of Michigan. 43 pages.

Heller, R. C., R. €. Aldrich, W. F. McCambridge and

F. P. Weber. The use of multispectral sensing tech-
niques to detect ponderosa pine trees under stress from
insect or diseases. Pacific Southwest Forest and Range
Experiment Station, U.S. Forest Service, USDA. 59 pages.

Léngley, P.-G.,-D. A. Sharpnack, R. M. Russell and

J. Van Reessel. The development of an_earth resources

information system using aerial photographs and digital
computers. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 43 pages.

Driscoll, R. S. The identification and quantification
of herbland and shrubland vegetation resources from
aerial and space photography. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service,
USDA. 55 pages.

Colwell, R. N. et &l. Analysis of remote sensing data
for evaluating forest and range resources. School of
Forestry and Conservation, University of California,
Berkeley. 207 pages.

Poulton, C. E., B. Garcia-Moya, J. R. Johnson and

B. J. Schrumpf. Inventory of native vegetation and
related resources from space photography. Department
of Range Management, Agricultural Experiment Station,
Oregon State University. 66 pages. '



STAR MNo.
N70-41217

*it

ok |

Kk

*k

ek
N71-36770
N72-28321

¥

Title

Wear, J. F. and F. P, Weber. The development of spectro-
signature indicators of root disease impacts on forest
stands. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 58 pages.

1970 Annual Reports

Wilson, R. C. Potentially efficient forest and range
applications of remote sensing using earth orbital
spacecraft ~- circa 1980. School of Forestry and Con-
servation, University of California, Berkeley. 199 pages.

Aldrich, R. C., W. J. Greentree, R. C. Heller and N. X.
Norick. The use of space and high altitude aerial
photography to classify forest land and to detect forest
disturbances. Pacific Southwest Forest and Range Experi=
ment Station, U.S. Forest Service, USDA. 36 pages.

Driscoll, R. S. and R. E. Francis. Mulf{stage, multi-

seasonal and multiband imagery to identify and quantify

non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service, USDA.
65 pages. : :

Personnel of Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta-
tion rescurces. School of Forestry and Conservation,
University of California, Berkeley. 171 pages.

Meyer, M. P., D. W. French, R. P. Latham and C. A.
Nelson. Vigor loss in conifers due to dwarf mistletoe,
School of Forestry, University of Minnesota. 21 pages.

Langley, P. G., J. Van Roessel, D. A. Sharpnack and

R. M. Russell. The development of an earth resources
information system using aerial photographs and digital
computers. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 32 pages.

Weber, F. P, and J. F. Wear. The development of spectro-
signature indicators of root disease impacts on forest
stands, Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. L6 pages.

Heller, R. C., F. P. Weber and K. A. Zealear. The use

of multispectral sensing techniques to detect ponderosa
pine trees under stress from insects or diseases. Pacific
Southwest Forest and Range Experiment Station, U.S. Forest
Service, USDA. 50 pages.

#%5TAR number ndt available.
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STAR No.

N72-27375

N71-32815

N72-28327

N72-28328

N72-28324

N72-28326

N72-28325

N72-28037

Title

Olson, C. E., W. G. Rohde and J. M. Ward. Remote
sensing of changes in morphology and physiclogy of trees
under stress. School 6f Natural Resources, Unlver51Ly
of Michlgan. 26 pages.

1971 Annual Reports

Dana, R. W. Calibration of color aerial photography.
Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 14 pages.

Driscoll, R. S, and R. E. Francis. Multistage, multi-
band and sequential imagery to identify and quantify
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service,
USDA. 75 pages. '

Amidon, E. L., D. A. Sharpnack and R. M., Russell. The
development of an earth resources information system
using aerial photographs and digital computers. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 7 pages.

Personnel of the Remote Sensing Research Work Unit.
Monitoring forest land from high altitude and from
space. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 179 pages.

Poulton, C. E., D. P. Faulkner, J. R. Johnson, D. A.
Mouat and B. J. Schrumpf. Inventory and analysis of
natural vegetation and related resources from space
and high altitude photography. Department of Range
Management, Agricultural Experiment Statlon Oregon
State Unlver5|ty 59 pages.

Meyer, M. P., D. W. French, R. P. Latham, C. A. Nelson
and R. W. Douglass. Remote sensing of vigor loss in
conifers due to dwarf mistletoe. School of Forestry,
University of Minnesota. 40 pages.

Olson, C. E., W. G. Rohde and J. M. Ward. Remote sensing
of changes in morphology and physiology of trees under
stress. School of Natural Resources, University of
Michigan. 77 pages.

Personnel of Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta-
tion resources. School of Forestry and Conservation,
University of Catifornia. 195 pages.

#%STAR number not available.
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STAR No.

wk

*&

#odk

e

ok

vk

Title

1972 Annual Reports

Driscoll, R, S. and R. E. Francis. Multistage, multi-
band and sequential Ilmagery to identify and quantify
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment.Station, U.S. Forest Service,
USDA. L2 pages.

Amidon, E. L., D. A. Sharpnack and R. M. Russell. The
development of an earth resources information system
using aerial photographs and digital computers. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 23 pages.

Poulton, C. E. Inventory and-analysis of natural vege-
tation and related resources from space and high atti-
tude photography. Range Management Frogram, Agricuil-
tural Experiment Station, Oregon State University. 48
pages.

Personnel of the Remote Sensing Research Work Unit.
Monitoring forest land from high altitude and from
space. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 200 pages.

Olson, Jr., C. E. Remote sensing of changes in morphoi-
ogy and physiology of trees under stress. School of
Natuﬁai Resources, University of Michigan. 26 pages.

Personnel of the Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta~-
tion resources. School of Forestry and Conservation,
University of California, Berkeley. 245 pages.

bouglass, R. W.,, M. P. Meyer and D. W, French. Remote
sensing applications to forest vegetation classification
and conifer vigor loss due to dwarf mistletoe. College
of Forestry, University of Minnesota. 86 pages.

#*STAR number nct available.
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November 15, 1973

LISTING OF NASA THESAURUS TERM CHANGES SINCE SEPTEMBER 1971 -

The attached listing consists of 850 postable and 322 nonpost=
able terms added, deleted, or changed in the NASA Thesaurus
between September 1971, the publication data of the NASA
Thesaurus Alphabetical Update, NASA-SP=-7040, and a cutoff date
of October 31, 1973, Each nonpostable term is followed by a
""JSE!"' designation referring to a postable term, Some postable
terms may be followed by explanatory status change designations,
An asterisk precedes entries added since the cumulative listing

of May 15, 1973,

The NASA Thesaurus contains 18331 terms of which 14837 are
postable and 3494 are nonpostable. The next listing {(cumulative)

of Thesaurus term changes is scheduled for May 1974,



THESAPRUS TRBRM CHANGES SINCE PUBELICATION OF WASA=-SP-T7040, SEPTEMBER 1371

=9 AIRCRAP?
4-10 AIRCRAFT
ACLIRAL VALLEYS

DsSE VALLEIS
ACODSTICAL ROLOGRAPHY
ACCUSTO=CPTICS
ACTIVE GLACIERS

U5E GLACIERS
ACTIVE VOLCANQES

USE YOLCAROES
ADIEONDACK MOOUNTAIRS (NY)
ADOBE PLATS

USE FLATS (LANDFORMS)
ADRIATIC SEA
ADVANCED ETR PROTECTION SYSTEMS

USE AEPS
ADVANCRD RECONN ELECTRIC SPACBCRAFT
ADYANCING GLACIERS

OSE GLACIERS
ADYANCING SHORELIREZ

0SB BEACHES
LEPS
RERIAL IMAGERY

DSE  ABRIAL PHOTOGRAPHY
AEFODYNAMIC INTERPERENCE
ABRONAUTICAL SATELLITES
AFRICAN RIFT SYSTEN
AINP~D

USE EIPLORER 33 SATELLITE
AIRP-1

BSsE BIPLORER 33 SATELLITE
AImp-2

NSE EEPLORER 3% SATELLITE
AIR LAND INTERACTIONS
AIR SEA INTERACTIONS

BSE  AIR WATER INTERACTIONS
AIF NATER INTERACTIONS
AIRCRAFT BAWEOVERS
AIRCRAPT SURVIVABILITY
AIRPIELDS

UsE AIRPORTS
ALADIN 2 MIBCRAFT
ALBANIA
ALFALF2
ALGAL BLOOE

0SB ALGAE
ALRKALI FLATS

USE PLATS (LANDFORNS)
ALLDVIAL CONES

USE ALLUVIUM
ALLUVIAL FANS

OSE FARS (LANDFORMS)
ALLOVIAL FLATS

USE  FLATS (LANDFORMS)
ALLUVIAL PLAINS

USE FLOOD PLAINS
ALLUVIAL TERRACES

USE TBERACES (LANDFOEAS)
ALLOVIUR
ALPS MOUKTAINS (EUROPE)
ALTOCDMBLOS CLOUDS

USE CUMOLOS CLOUDS
AMAZON REGIOW (SOUTH AMERICA)
AMORPHOUS SEMICONDOCTORS
ANACLINAL STHREANS

0SE  STREAMS
ANACLINAL VALLETS

OSE VALLEYIS
ANALYSIS OF TVARIARCE
ANDORR2
ANGIRA PECTORIS
ANGIOGRAFPHY
ANRULER DRAINAGE PATTERFS

P5E DRAINAGE PATTERNS
ANOEALODS TEMPERATORE ZONES
ANS

USE ASTRONOMICAL NETHERLANDS SATELLITE
ANTICLINAL MOUNTAINS

USE MOUFTALINS
ANTICLINAL VALLEYS

0SB VALLEYS
ANTICLIKBS
ANTICLIRORIA

0SE ANTICLINES
ANTYREFLECTION COATINGS
ANVIL CLOUDS
APOLLO S0YUZ TEST PROJECT
APOLLO 17 PLIGHT

- #

AQUIFERS
ARCHAEOLOGY
ARCHIPELAGOES
AREA WRAVIGATION
ARES {SPACBCRAFT)

DSE ADVARCED RECONN ELECTRIC SPACECEAFT
ARGON=OLYGEN ATROSPHERES
ARID LMNDS
ARIEL & SATELLITE
ARRQOTOS
ARETIFICIAL HBARBORS
ASE CONES

UDSE CONES (VOLCANCES)
ASTP

USE APOLLO SOYUZ TEST PROJECT
ASTROBONTICAL NETHERLANDS SATELLITE
ATREROSCLEROSTS

USE ABTERIOSCLEROSIS
ATMOSPHEBIC WINDOWS
LTOLL REEFS

0SE CORAL RBEPS
ATOLLS
ATOMIC MNASS

0SB ATOMIC WEIGHTS
ATOMIC WEIGHTS
AIIAL STREANS

USE STREAMS
B~1 AIRCEAFT
BACK BAYS

USE BAYS (TOPOGRAPHIC FEATURES)
BACESHORES

OSE BEACHES
BEADLANDS
BAHRAIN
BAJADAS

USE FANS (LANDFCRAS)
BALI [INDONESIA)

BALL LIGHTWING

BALTIC SHIELD (EUROFE)
BARBADOS

BARBED TRIBUTARIES

0SE DRAINAGE PARTTERNS
BARCHABS

USE DONEBS
BARENTS SEA
BARITO RIVER BASIN (INDCNESIA}
BARLET
BAREEN LAND
BARRENS

USE PARHEN LAND
BARRIER BARS

USE BRRS [LANDFORAS)
BARRIER BEACHES

USE BEACHES
BARRIER FLATS

OSE BARRIERS (LARDFORMS)
BARRIBR ISLANDS

use ISLANDS
AARRIER LAGOCHS

OSE  LAGDONS
BARRIER LAKES

USE LAKES
BARRIER RERFS
OUSE REEFS

BARRIERS {LANDFPORMS)
HARS (LAWDPGRMS)

BASIC (PROGRAMMING LANGUAGE)
AASING -
OSE STROCTORAL BRSINS

BATHOLITRBS
BAY ICE
BAYHEAD BARS
PSE BARS (LANDFORMS)
BRYHRAD BEACHES
USE BEACHES
BAYHEAD DELTAS
DSE DELTAS
BAYMOUTH BARS
UsE BARS (LAWDFORMS)
BAIODS
BEAN LEADRS
READPORT SEA (NORTE AMBRICA)
BEDROCK
BEDS (GPOLOGY)
BELTED PLAINS
DSE  PLAINS
BAUTAN
BIG BANG COSHOLOGY

72N
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BIGHGRY MOUNTAINS (BT~%Y)
BILLON CLOUDS
USE CLOUDS (METBOROLOGY)
BIOLOGICAL CLOCES
05E EBAYTHA (BIOLOGY)
BIOREGEWERATIVE LIPR SUPPORT SYSTBMS
USE CLOSED BCOLOGICAL SYSTEMS
BIFOLAR TBANSISTORS
BIRDFOOT DELTAS
OUSE DELTAS .
BLACK BILLS {5P=¥T)
BLACK BOLES (ASTRONQNY)
SLADDER MECHANICS
BLADDERS (MECBANICS)
uSE DIAPERAGHS (BECHANICS)
BLIGAT
BLOCE DIAGRAMS
BLOCK ISLAKD SOUBER (RI)
PLOOD WOLIHRE
BODY~WING CONFIGURATIONS
BOGS
0SB BARSHLANDS
BOLL WEEVILS
BOLLYORES
BOTSRANA
BOTUNDARY LAYER BQUATIONS
PREAIDED STREAMS
0SE  STHERES
BREAKWATERS
BRIDGES (LANDPOEMS)
PEITISH HONDURAS
BRORES CLOODS
USE CLOUDS (METECROLOGY) .
BRUMEI
PRUSH (BOTANY)
BSI
BURUNDI
BUTTES .
C-12 AIRCRAPT *
CANEROON
CANNONEALL 2 SATELLITE
CMHYCHS
CAP CLOUDS
CAPBS (LANDFORMS)
CAHBON PIBRE RBINFORCED PLASTICS
CARBON=CARPOW CONPOSITES
CARIBOUS
CASCADE RANGE {CA=OE-HA)
CATCHMENT AREAS

DELEBTED

USE WATBRSHEDS
CAYS
USE KBYS (ISLARDS)

CDC 6300 CORNPUTER

CBNSOS

CENTEAL APRICAF EEFUBLIC
CENTRAL ATLANTIC REGION (US)
CENTBAL BOROPE

CERTRAL PIRDHONT (0S)
CFRP
USE CARBON PIPER REINPORCED FLASTICS
CHAD
CHANNEL MOLTIPLIERS
CHAMYELTRONS
DSE CHANNMEL NOLTIFLIBES

CHAMITIC CLOUD PATTERES

USE CLOUDS (METEQROLOGY)
CAAPAREAL *
CHEMA BIVER EASIN (AK)
CHESAPEAKE BAY (US)
CHIAPAS [MEIICD)
CHINA (CONMUNIST) MAINLRKP

DS® CBIFESE PEOPLES REPUBLIC
CINDEE CONRS

USE CONBES (VOLCAMORES)
CIRQUES (LANDPORHS)
CIRROCTNULUS CLOULS
CIERQSTRATOS CLODDS
CIRRDS SHIRLDS
CITROS TREES .
CLOSED BASINS

pSE  STEOCTURAL BASINS :
CLOSED FAULTS .

DSE  GBOLOGICAL FAOLTS b
CLOSED POLDS

gsE POLDS (GBOLOGY)
CLOUD STHEETS

DSE CLOUDS (BETROROLOGY)
CCACHELLA VALLEY (CA)

L LK

COASTAL CURRENTS
COASTAL DUNES
USE DUNES
CORSTAL MARSHES
052 MARSHLANDS
CORSTAL PLAINS
COASTAL WATERE
COPFPER
coLD PRONTS
COLLISIONAL PLASHAS
COLORZDO PLATEAU (US)
coLs
0SE GAPS (GEOLOGT)
COBET HBADS
COMST ¥UCLEI
CONET TAILS
CONSUNICATIONS TECHNOLOGY SATBLLITE
CORPUTER SYSTEAS DESIGH
CORFUTERIZRD COATROL
USE WONERICAL CONTROL
CONES (VOLCANOES)
CONGO (BEAZZAVILLE)
CONGO (KINSHASA}
usE ZAIEE
CONIFERE
CONSEQUEST LAKES
USE LAKES
CONSEQUENT STRERHS
USE STRBARS
CONSEQUENT VALLEYS
OSE  VALLETS
CONTACTS (GEOLOGT)
CONT1NUOUS SPECTEM
CONTINUOUS WAVE LASERS
CONTROL STICKS
CONVECTION CLODDS
Cook IALET (AR)
COPEENICUS SPRCECRAPT
USE 0RO 3
COPSES
COBAL HEADS
0SE COEAL REBPS
COEN
CORBOSION TEST LOOPS
CQS-B SATELLITE
COSMOS 361 SATELLITE
COTTON
COULEES
OUsE
CRATONS
CROP IDEWTIFICATION
CROPLANDS
USE PARMLANDS
CROSS FADLTS
USE GEOLOGICAL FAOLTS
CROSSBEDDING (GROLOGY)
CROSTAL PRACTORES
COBA
CUBSTAS
USE  RIDGES
CULTTEAL RESOORCES
€ORTIUS COMPODRDS
COBRRENT CONVERTERS (AC TO DC)
CURRERTS (OCEANCGRAPHY)
Us2 WATRE CUERENTS
COSPS (LANDFORMS)
CYCLOGENRSIS
CYPROS
p-2 SATRLLITES
D-2B SATELLITE
USE D-2 SATELLITBS
DAHOKEY
DATA BASES
DATA COLLECTION PLATPORAS
DATA CONVBRSION BOUTINES
DDP COMBUTERS
DDF 516 COMPUTER
DECIDUQDS THEES
DEEPRATER TRENINALS
DEFOLIATION
DEFOEESTATION
DELARAES BRIVER BASIN (US)
DELPAI ABTHOD (PORECASTING)
DELTAIC COASTAL PLAINS
US®  COASTAL PLAINS
DELTAS
OENDRITIC DRAINAGE
USE DRAINAGE PATTERNS

CANTONS
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DBNSE PLASHAS
DEFRESSIONS (TOPOGRAPHY)
USE STEROCTUEAL BASINS
DESERTLINE
DIADBEE SATELLITES
REPLACES DIADENE 5SATELLITE
DIASTOLIC PRESSURE
DIELECTRIC CORSTAMT
USE FBRAITTIVITY
DIFPFRACTION LIRITED CANERAS
DIKES
052 EROCK INTBUSIORS
DISRASED VEGRTATION
USE BLIGHT
DISTRIBTTED PARABETER SYSTEMS
DIVIDES (LANDPORNS)
DOMINICA
DONINICAR REFOUBLIC
DORSAXT PEGETATION
OSE VYEGRTATION
DEAINAGE PATTBRNS
DECP TRANSPER
DECUGHT
DROTGAT CONDITIONS
0SE DROUGET
DROMLINS
USE GLACIAL DRIPT
DUNES
DYB LASERS
DYSPROSITN COMPCORDS
BALI 8400 COBPOTER
RLI 8900 CONWPUTER
EARTH RESOORCES EXPERINENT PACKAGE
gsE EREP
EMRTH BBS0ODRCES INFORAATION SYSTER
EARTR RESOURCES OBSERVATION SATELLITES
USE EROS (SATELLITES)
EARTA RESCURCES STRVEY PROGHAM
EARTE RESOURCES TECHWOLOGY SATELLITE A

USE EARTE REBSOURCES TECHNODLOGY SATELLITE 1

EARTH RESOUGRCES TECHHOLOGY SATELLITE B
FARTH RESQDBCES TECHNOLOGTY SATELLITE C
EARTH RESODRCES TBCHWOLOGY SATELLITE D
BARTH RESOURCES TECHNOLOGY SATELLITE E
EARTH MESOURCES TECHNOLOGY SATELLITE F
EAETH SESOURCES TECEROLOGY SATELLITE 1
EARTH TIDES
EARTAQUAKE DAMAGE
EAST GERMANY
EBF

USE RBITERWALLY BLOWHN FLAPS
ECHELOK FAULTS

OSE GEOLOGICAL FAULTS
ECHOCABDIOGRAPHY
ECORONIC DEVELOPRERT
ECOSYSTENS
EPFECTIVE PERCEIVED WOISE LEVELS
EL SALVADCR
ELBCTRIC POWER SUPPLIES
ELECTROMAGRETIC NOISE MEASURENENT
BLECTROWAGNETIC SURPACE WAVES
ELLIPTICAL GALAXIES
EAR 6050 COMPOTER
ZHD MORAINES

GSE GLACIAL DRIFT
EFERGY TRANSFER

*
5COPE NOTE IS DELETED M@dﬁ &
ENGLAND
— £ s pordy

wf%%]"

USE EBARTH RESOORCES TECHNOLOGY SATELLITE E

ENGLISH CHANNEL
ENTRENCHBDP STREAAS

UySE STREANS
ENVIRONEENT EFFECTS
ENVIRONMENT RANAGEMENT
ENVIRONMENT PROTECTION
ENVIGONMENTAL QUALITY
EWFIRONARNTAL SORVEYS
E0LE SATELLITES
ROS~2

EQ5=B

USE EAHTH RRESOURCES TECHNOLOGY SATELLITE P

FPNL
0SE EFPPCTIVE PERCBIVED ROISE LEVELS
BREP
EROS (SATELLITES)
ERTS-1

USE EARTA BHESQURCES TRCANOLOGY SATELLITE 1

BRETS-B

7S® EAHTH BESOURCES TECHRNJLOGY SATELLITE B

LE X N 3

L]

BATS-C

DSE EARTH EESOURCES TECENOLOGY SATELLITE C

ERES-D

0SE BARTH BESOURCES TECANOLOGY SATELLITE D

BRT5-B

USE PARTE RES0URCES TECHROLOGY SATELLITE B

BRTS-F

USE EAHTH RESOUECES TEBCHNOLOGY SATBLLITE F

BESCARPHEETS
ESKERS

USE GLACIAL DBIFT
BSRO & SATBLLITE
RSTOFIA
BTHIOPTA
EUROPL
BOTROPHICATION
EVAPOTRANSPIRATION

RXPERISENTAL STOL TBANSPORT BSCH AIRPLANE

USE QURSTOL
BEIPLORER %7 SATELLITE
BIFLOERE 8§49 SATELLITE
EITERNALLY BLONN FLAPS
EXTRAGRLACTIC MBDIR
DSE IATERGALACTIC BEDIA
EITRAGALACTIC RADIO SOURCES
SITRASOLAR PLAWETS
EITHATERRBSTRIAL EOVING YERICLES
USE BROVING YEEICLES
EATRENELY LOW YREQUEMNCIES
P=114 AIBCRAPT
DELETED TERM
PALLOW FIELDS
USR FAEMLANDS
FANS (LARJPCRMS)
FARMLANDS
FAST POORIBER TRANSFORAATIORS
FEASIBILITY ANALYSIS
FEDERAL REPOBLIC OF GERHANY
OSE GERMARY
FERRIC ICRS
CAANGED PROM FERRIC IOW
FPERRITIC STAINLESS STEELS
FILAMERT WOURD CONSTRUCTION
USE FILRMENT WINDING
rFT
OSE FAST FOURIER TEANSFORHATIONS
FPIBER QRIBNTATION
FPIBORACCI BUMPRRS
FILE MAINTERANCE (COMPOTERS)
FILTER WEREL INPRARED SPECTROMETERS
PINGER LAKES
USE  LAXKES
FIORDS
PIRE DAMAGE
FIREBBEMKS
PIXED POINT ARITHMETIC
FLATS {LANDFPORMS)
FLOOD DABAGE
FLOCD FLAINS
PLDIDIC CIRCUITS
POLDS {GECLOGY!
PORENSIC SCIERCES
OSE LW {JURISPRUDENCE)
FOREST FIRE DAMAGE
USE PIRE DAMAGE
FOREST FIRES
FOBEST MANAGEMENT
FREEZE DRYING
FPRENCR SATELLITES
REPLACBES FPRENCH SATELLITS®
FREGN

REACTIVATED IN LIBO OF FREON (TRADEMARK)

FRICTION WELDING
FRONTAL WAVES
PROST DAMAGE
FROZERN LAKES

USE LAKES
PROZEN SOILS

USE PBRBAFROST
PUNCPIORALS
GABOW
GADOLINION ISOTQPES
GALACTIC CLUSTERS
GALACTIC FOCLREI
GALACTIC ROTATION
GALACTIC STROCTURE
GALLIUM OXIIDES
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GANBIR
GAPS (GEOQLOGY)
GARP
0SZ GLOBAL ATMOSPHERIC RESEARCH PROGBAN
GASDYHAUIC LASERS
GASP
USE GLOBAL RIR SAMPLI¥G PHOGRAN
GE COMPOTERS
GE 235 COMPOTER
GE 625 COMWPOTER
GE 6315 COMFOTER
GBNREAL BLECTRIC COHPUTERS
Us8 GE COMPUTERS
GEOPRACTURES
USE GBOLOGICAL FAULTS
GEQLE SATELLITES
GBOLOGICAL SURVEIS
GEOS SATELLITEBS (ESRO)
GROSTATIOEARY OPERATIORAL ENVIRON SATS
pSE GOE SATELLITES
GEOSTRCLINES
GEOTHRRAAL ENERGY CONVERSION
GROTBEREAL EESOURCES
GHANA
GLACIAL DRIFT
GLACIOFLUVIAL DEPDSITS
USE GLACIAL DRIPT
GLASS PIBBR REIRFORCED PLASTICS
GLOBAL AIR SANPLING PROGRAR
GLOPAL ATHOSPHERIC RESEARCH PROGRAR
GLOBROLAR CLOSTERS
GOBI DESERT
GOB SATELLITES
GORGES
OSE  CANYOWS
GRABENS
USE GROLOGICAL FAULTS
GRASSLANDS
GEAVEL DEPOSITS
USE GRAVELS
GRAZING
GRAZING LANDS
USE GRASSLANDS
GHEAT BASIN (OS)
GREAT LAKES (RORTH BRMERICA)
GRBAT PLAINS COBRIDOB {NORTA AMERICA)
GRIGG=SKJELLERUF COMET
GUADELOTUPE
GUATEMALA
GULF OF BRLAGRA
GOLF OF CALIPORRIA (MEIICO)
GULF OF HEEICQ
GUM BEBULA
GORN DIODES
GUTANA
HABITATS
HAITI
fARBORS
BARD LMRPING
HAADAOOD FORESTS
TGSE POHESTS
HARRIER HELICOPTERS
HAMKEYE SATELLITES

HRAY
HAZE DETECTION
RCH LASERS

HEARRT YALVES
HEAT ACCLIMATIZATION
CHANGED FRON RONPOSTABLE
HBELIOS &
HELIOS B
HELIOS FBOJECT
HELIOS SATELLITES
HPLIOM=OXYGER ATMOSPHERES
HEWLETT-PACKARD COMPUTEES
HIGH DISPERSICN SPECTROGRAPHS
AIGH SPEED TEANSTORTATION
USE RAPID TRAASIT SYSTEMS
HIGHLY ECCENTRIC ORBIT SATELLITES
USE HEOS SATELLITES
HIS BUNDLE
HOGBACKS
USE RIDGES
AOLCGRAPAIC INTERPERONETRY
HONDORAS
HONETWELL COMPUTRRS
AONG KONG
HODAGLASS VALLBYS
OSE VALLEYS

L R
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EDRBLE COBSTRET

OSE BOBBLE DIAGRAM
HUBBLE DIAGHAR
HUMAN EBSODRCES
HIDROCTABIC ACID
BYDROBLRCTHIC PONER STATIOFRS
BYDBOGEN CHLORIDES
HYDEDGEE CYANIDEBS

USE HYDROCYARIC ACID
HYDEOGEN EMBRITYLEMENT
BYDROPOWER STATIONS

SR  EYDROELRCTHIC POWER STATIORS
AYPERBOLIC DIFPBRBNTIAL EQUATIONS
HYPERSONIC RIND TONNELS

CHAWGED TO POSTAELE

SCOPE NOTE {MACE 5 TO 10)
AYPERVELOCITY RIND TUEHELS

SCOPE NOTE CHANGED TC (ABOYE MACH 10)
BYPSOGRARBY
IBK 1050 COMPUTER

DELETED
IBM 2701 COMPOTER

CELETED
ICE FLOES
ICR JANS

Use  1CR
ICE PACKS

OSE SEM ICE
IFNI
ILLIAC 3 COMPUTER
IMBLES
IMP-H

DSE EXIPLORER 47 SATELLITE
INP-1

USE EIPLORER 1B SATBLLITE
Inp-2

OSE EXPLOBER 21 SATELLITE
IRP=3

USE EXPLORER 28 SATELLITE
npP-4

tts® EXPLORRR 34 SATRLLITE
IAP=5

USE EIPLORER 81 SATELLITE
IneP=-6

USE BYIPLORER 33 SATELLITE
IMPATT DIODES
USE AVALANCHE DIODES
IMPERTAL VYALLEY (CA}
IMPROVED TIRCS OPERATIOBAL SATELLITES
CHANGE FROB HONFOSTIBLE
TNCOXPRESSIBILE BOOUNDMRY LATER
INDONESIR
INDOCTION MOTOSS
THEDOSTRIAL ABEBAS
IRFESTATION
INPRARED INTERFERORMETERS
INLETS (TOPOGEAPRY)
IRLIERS (LANDFORES)
INSECT DANAGE
OSE IRPESTATION
INSEQUERT STHEAMS
NSE STREANS
INSHORE 2ZONES
05% PRACHEES
INTEG WED ANG BERAVIORAL LAB MEASDR STSTER
0SB IMBLES
INTERCOSHEOS SATELLITES
IRTERFACES
SCOPE BT DELETED
IRTERLACING DRAINAGE
USE DRAIRAGE PATTERHS
INTERAONTANE FLOORS
OSE VALLEYS
ISTERHATIONAL PIBLD YERAR FOR GREAT LAKES
THTERNATIONAL OULTRAVIOLET EXPLORER
OSR  IUB
INTERSTELLAE REDDENING
pSE INTERSTELLAR EXTINCTIONW
INTRUSIORS
0SB ROCK IRTROSIONS
INVERTED CONVERTERS (DC TQ MAC)
10
JOR ACOUSTIC WAVES
IOR IMPLANTATION
1BAQ
ISLAWD ARCS
I3THRUSES
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IT0S 2

IT0s 3

IT0S B

10B

IVORY COAST
125 CARERAS
J=-58 ENGINE
JAMRICA
JBTTIBS

USE BREAKWATERS
JIASPHERE BALLOORS
KALIBARY BASIN (APRICAH)
KALMAN FILTERS
KAME

US® GLACIAL DRIPT
KARST
KBLP

05B SBAWBEDS
RELYIN-HELMHOLYZ INSTABILITY
EENTA
EETTLES (GEOLOGY)

EBYS {ISLANDS)
ELIPPE¥

USE ODTLIEBRS (LANDFORMS)
KOREM
RORER
KP IRDEX
KUWAIT
LAGOQRS
LAGRANGIAN EQDILIBRION POINTS
LAKE BEDS

UsSE BEDS (GEOLOGT)

LAEKE CHAMPLAIN BASIKE [8I=-¥T)
LAKE ICE

LAKE PONTCHAETRAIN (LA)

LAKE TEIONA (OR-TX)

LAND RANAGEREBRT

LANDFOEAS

LAWDSLIDES

LASGLBY COMPLEXI COORDINATOR
LARGE SPACE TRLESCOPE

LASEER BEANM DEFPOCUSING

DSE THERMAL BLOOMING
LASEF BODE LOCKING
LASER PLASHAS
LATE STARS
LATBRITES
LATTICE DRAIWNAGE PATTERNS

0SB DRAINAGE PATTERHS
LATYIA
LED (DICDES)

OSE LIGHT BRITTING DIQDES
LEON-QUERRTARO AREA (MEXICO)
LESQTHO
LESSER AWTILLES
1LIBYA
LIBCHTENSTETWN
LIGHT BAITTING DIOODES
LIGHT=CONE BXPANSIOR
LTMBE DARKEHIRG
LIMNOLOGY
LINBANENT

0SE  STRUCTURAL PROPERTIES (GEOQLOGY)
LICUID HELIDA 2

CHANGRD TO POSTRBLE
LISP (PROGRAMMING LANGDAGE)
LITRAIU® MIOBATES
LITHOAKIL
iTTTORAL CORREKTS

NSE COMSTAL CURRENWTS
LITTORAL DRIFT
LITTORAL TRANSPORT
LIVESTOCK
LLANOS QRIERTALES ({COLOHNBIM
LOCGST DAMAGE

USE INPESTATION
LOCOST SHARMS

0SE LOCUSTS
LOCUSTS
LONG ISLAND (NT)

LONGSHORE BARS

USE BARS (LANDFORNS)
LONGSHORE CDRBRENTS

0SR COASTAL CORBENTS
L.ow ALLOY STRELS

0S5E HIGH STRERGTH STEELS
LOWER BODY NEGATIVE PRESSORE (LBNP)

USE ACCELRRATION STRESSES (PHYSIOLOGY)

LST
USE LARGE SPACE TELBSCOPE
LOMBERING ABREAS
USE FORERSTS
LOURRR EQDATOR
LONAE PIGURE
LONAE RRNGRFINDING
LOHAR BETROREFLECTORS
LUNAR BOTATIOR
LOUNEIK 16 LUNWAE PROBE
LURIK 17 LU¥AR PROBE
LORIK 20 LUMAR PROEBE
LUYEMBOURG
B STARS
W-2F3 LIPTING BODY
HAARS
USE CBATERS
AAFFEI GALAIIES
MAGDALEFA=-CAUCE VALLEY (COLOBBIA)
MAGELLANIC CLOUDS
HAGWNETIC PIBLD CONFIGORATIONS
MAGHNETIC SUBSTORES
USE MAGHERIC STORHS
BAGNETIC TAPE TRAHNSFORTS
HAGNETOPLASMADYRARICS
USE HAGRBTOHIDRODYNANICS
MALAGASY REPUBLIC
BALAWT
HALAYSTA
0SB HMALAYA
MALDIVE ISLARDS
BALI
MARINE ENYIEORNENTS
MARINE METROROLOGY
AARINRER 8 SPACR PROBE
MARINER 9 SFACE PROEE
MARS 2 SPACBCRAFT
MARS 3 SPACECRATT
NARSHES
0SB PRAFSHLARDS
BARTINIQODE
BARVS (PROGRAMMING LARGUAGE)
MASSIFS
MATURE STRBABS
USE STRRANS
KATORE VEGETATION
UGSE VEGBTATICHR
BAURITARIA
MEADOWLAYDS
USE GRASSLANDS
MEANDERS
NEBGALOPOLISES
MERCORE ARIRCHAFT
NESAS
MESONETEOROLOGY
MESON~BESON INTERACTIORS
METAL FIEERS
AETAL=NITRIDR=OXIIDE=SILICOR
MRTALLIC HYDROGER
MBTEOR CRATERS
OSE CRATERS
METECSAT SATELLITE
BETRIC SYSTEM
OSE INTERWATIONAL SYSTEM OF UNRITS
METROFPOLITAN AREAS
UsSE CITIES
MICROMETBORITES
CHARGED FRON RONPOSTABLE
AICROPOLAR PLUIDS
MICROWAVE BMISSION
MICEOWAVE ROLOGRAPHY
MILLET
KIRERAL EXPLOBATION
MINICONPUTERS
MISSISSIPPI DELTA {LR)
MNOS
O5F HMETAL=MITRIDE-OIIDE-SILICON
BCDEMS
KODULATORS~-DERODOLATORS
USE MODEMS
BORACO
BOROULINAL VALLEIS
USE VALLBYS
MOONQUAEES
BOFRTEREY BAY (CA)
BORAINAL DELTAS
OSE DELTAS
MOEAINAL LAKES
USE LAK2Y
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HORAIHES

OSE GLACIAL DRIFT
AOD PLAEZS

OSE FLATS {LANDFORAS)
BULTIPROCESSIRG (COMPUTERS)
HOLTISPBCTEAL BAND CAMERAS
HOSCAT ABD CHRR
MOSKEBGS
BYCCAEDIAL INFARCTIONW
HAPPBS

USE FOLDS (GEOLUOGI)
NATORAL GAS
HEAR WAERS
HEARSHORR WATER
WEOTRAL SHERTS
HEd ENGLAWD (US)
HEd GOIHEA ({ISLARD)
RICAHAGURA
RIGER
NITROGEN METAROLISHE
ROISE GERERATORS
NOISE POLLUOTION
HONAQUROUS EBLECTROLYTES
NONBQUILIBRION THERAQDIRAMICS
RONLINEAR OFTICS
HORTH RORBA
FORTH VIETNHAN
NORTHERN IREBLAND
NOSE FINS
NOCLEAR LIGETBOLB EWGIRES
NOCLEAR POTENTIAL
HOCLBAR TRAMSPORMATIONS
WIMERICAL STABILITY
NONATAKS
ROTATION DAMPERS
opo 1
cho 2
0ag 3
0)0=3

Us®  OAO 1
oL0-22

USE QAD 2
aao-C

USE 0MQ 3
CASES
CATS
OCCLUDED FPRONTS

0OSE FRORTS (METROROLOGY)
OCEAN MODBLS
ODD—-EYER NUCLEI
OFPFSHORE DOCRIN¥G
OFFSHORE PLATFCHMS
QPFSHBOAE REACTOR SITES

0GO=B

USE 0GO-13
oGa=D

USE  OGD=4
CGO-E

0SB 0GO=5
aGo=F

USE 0GO=6
0Go-2
aGo-8
oeo=5
DGO=6
QIL FIELDS
QOIL SLICKS
OMEGA=MESORS
OHTOGENRESIS

YSE QHTOGBHY
ONTOGENT

OPER PIT HINES

USE MINES (RXCAVATICAS)
CPTICAL ACTIVITY
OPTICAL DEPOLARIZATION
OPTICAL MERORY (DATA STORAGE)
CPTICAL RESONATORS

CHANGED TO POSTABLE
OPTICAL WAVEGUIDES
ORBITING FBOG CGTOLITH
ORBITING LUNAR STATIONS
ORCHARDS
ORIZABA-VYBRACHRUZ BREA (MEIXIICO)
GROGRAPHIC CLOUDS

OSE CAP CLQUDS
ORR=SORMABRFELD BQODATIONS
050=H

OS5E 050-2

TR R R XX N NN

» #

0s0-D

USE O50-%
050~

USE 050~3
Q50-F

USE 0350-5
050G

USE 0O50~6
050-H

O0SE  050-7
050-4d
050=5
0S0=6
050=-7
OOTER PLANET WISSIONS

USE GRAND TOUERS
OUTRR PLANET SPACECEAFY

USE OUTEE PLANETS BXFLORERS
OUTLETS {GBOLOGY)

USE ESTUARIES
OJTLIERE (LANDFORAS)
OUTNASH PLAINS

USE GLACIAL DRIFT
OXYGEN PLASHA
BACIFIC KORTHWEST (0OS)
FALO VERDE YALLBY (Ch)
PAMMFAS
PARAGUAY
PARALLRL CONPUTERS
PARALLEL DEAIRAGE

USE DRAINAGE PATTERNS
PARALLEL PLOP
PARKS
BMRTOHS
PASSES

0SE GAPS (GROLOGTY)
PASSIVE L-BAKXD RADIOGHEBTERS
PASTURES

USE GHASSLAMNDS
PATTERR NETHODL [POEECASTING)
PEAES (LAMDFORAS)
FEDINENTS

USE PIEDHORTS
PEDIPLAINS

OSE PIEDHONTS
PENEPLAIRS
PENIWSOLAS
PECLE SATELLITES
PEOPLBS DEMOCHATIC REPUBLIC OF GERMARY

USE EAST GERMARY
PERIPHERAL YISIOR
PHENOLOGY
PAILIPPINES

SPELLING CHAMGED FROAa PHILLIPIRES
FROE¥IXI QUADHARGLE (3Z)
PHOTOGRAPBIC FLATES
PAQTONAPPING
PROTONAPS
PHREERATCPRYTES
PIEDMOKT PLRAINS

USE PIEDECNTS
PIEDHONT SCARPS

OSE ESCMARPMENTS
PIEDMONTS
PIERS

USE WHARYVES
PINHACLES

USE PEAKS (LANDFORES)
PICNRER F SPACE PROBB

O0SE PIONERE 14 SPACE PROBE
PICNBER 10 SPACE PROPE
PIOREER 11 SPACE PRODBE
PLAINS
PLAXBTARY EIPLORER

OSE ODTER PLANBTS EXPLORERS
PLANETARY QUAKES
PLANBETARY SATELLITES

OSE NWATURAL SATRLLITES
PLARETARY STROCTURE
PLARETON BLOOH

DSE PLARKTOR
PLANTING
PLAYA LMEES

DSE LAFES
PLAYAS
PLOWED FIPLDS

OSE FAEBNLARDS
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PLOWING
POLAIRE SATELLITE
TGSE D-2 SATELLITES
POTONAC BIVER VALLRY (ND~Vi-HY}
PRAIRIRES
USE GRASSLANDS
PRRSBLRCTORS
OSE PRREAMFLIPIERS
PHESSURR ICE
PHESSURE RIDGES
USE PRESSURE ICE
PRINCE WILLIAR SQOND (AK)
FROBE NMRETHOD (POREZCASTING)
PROFILE METROD (FOBRECASTING)
PROGHAMAIRG LARGDAGES
PRUSSIC ACID
USE HBIDHOCTA¥WIC ACID
POBLIC BEALTH
PYRENEES NOUNTAINS (EUROFE)
QUBSTOL
QUIET ENGINE PROGHAHE
QUINOLINE
BADIAL DEAINAGE PATIRRES
OSE DRAINAGE FiTIERNS
RADIATION AND NETEQOROID SATELLITE
RADIATION HARDENIRG
RADIO ASTRONOMY EIPLORER B
USE EIPLORER 49 SATELLITE
RADIO OCCULTATIOE
HAILAOQADS
USE ERAIL TRAMSPOBRIATION
RAIN PORBSTS
RAISED HEBPS
OSE REEPS
RARGELANDS
HAPIDS
RAVINES
RECEPTIOR DIVERSITY
RECTANGDOLAER DRAIFAGE
OSE DRAINAGE PATTERNS
RER TIDE
BERFS
REFERENCE STARS
REGIONAL PLANNING
RENCTE REGIONS
RENOTRLY FILOTED VEHICLES
BEPUBLIC OF CHIFAM
TSE CHINA
REPUBLIC OF VIETNAM
{ISE VIRTNAM
AESIDENTIAL AREAS
REBSQUBCES MANAGEMENT
REBTROGRESSIVE SBORELINES
USE BEACHBS
REUSADLE ROCRET ENGIMNES
RHO=-MESONS
RAOCDBSIA
REQNE DELTA (PRAECE)
RIPT VALLEYS
USE GROLOGICAL FAULTS
RIFTS
USE VALLEYS
RIVEE BASINS
ROCK INTRUSIORS
ROCKY MOONTAINS (NORTH AMERICA)
ROLLOP 50QLAR AREBAYS
USE SOQLAR ARRAYS
RORANIR
USE HOUMANIA
ROVING VBBICLES
RPY
USE EEMOTELY PILOTED VEBICLES
RORQFFS
OSE DHAINAGE
RORAL ARBAS
HORAL LAND USE
RUST PONGI
ROSTS (BOIANY)
OSE RUST FUNGI
RPANDA
S=17 SATELLITE
U5 0S0~2
5=57 SATELLITE
gsE 0S0=3
S=67 HELICOPTER
SACRAMENTO VALLEY (Ck)
SADDLE POINTS
SALINE DCHEES

sz DOMEBS (GBOLOGY)

L X X ]
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SALINE S50ILS
0SE  SOILS
SALT PLATS
USE YLATS (L1NDFORRNS)
SALT MARSHES
DSE  PARSHLANDS
SALYDUT SPACE S5TATIOR
SLW FRANCISCO BAY (CR)
SAN JOAQUIN YALLEY (Ck)
SAd MABCO 3 SATELLITE
5AR NARIRO
SAND DUNBS
OSE DUNBS
SAWD HILLS HEGION (GA-NC-5C)
SAND HILLS REGIQN (NE)
SAETL RIVER BASIN {PERU}
S45=D CHANGE TO NONPOSTABLE
OSE ITE
SATELLITE PONEH TRANSHAISSIOF (TO BARTE)
SATELLITS SOLAR ENBEGY CONVERSION
SATELLITE SOLAE POEBR STATIONS
SATELLYTR~BOBRE INSTHUNENTS
SAODY ARMBIA
SAVANNAAS
USE GRASSLANDS
SCARS [(GROLOGY)
0SE EROSION
SCATTREED CLOUDS
USE CLOUDS (METEOROLOGY]
SCHEMATICS
DSE CIRCDIT DIAGRAMS
SCEMIDT TELESCOPES
SCROTTXY DIODES
SCIENTIPIC IRSTRUMENT MODULES
UsSE  SIN
SCOTLAND
SCRUBS (BOTANY)
USE BRUSH (BOTANY)
SDS 920 COMPUTER
SEM GRASSES
SEA OF OKBOTSK
SEL WALLS
USE BREARWATERS
SBALS {ANINALS)
SEAWRBEDS
SECONDARY PRONTS
OSE FROATS (METEOROLOGT)
SECULAR VARIATIONS
SEDINBENT TRANSPORT
SEL COMPUTERS
SELECTION RDLES (WUCLEAE PHYSICS)
SENICONDOCTOR PLASHAS
SENEGAL
SERGENION
SEROTONIN
SRYPERT GALAIIERS
SEALLOR SHELLS
SEALLOW WATER
SHEMANDOAH VALLEY (WA}
SHIBLDS (GROLOGY)
OSE BEDROCE
SHIPYARDS
SHOALS
CHANGED TO POSTABLE
SHORBLINRS
CHANGED TO POSTABLE
SHUTTLE BOOSTRRS
DSE SPACE SHOTTLE BOOSTERS
SHOTTLE ORRITERS
USE SPACE SHUTTLE ORBITERS
SIPEREAL TIME
SIERRA LEONE
SIBRRA NEVADR MOUNTALNS (CL)
SIGEN ORIONIS
SIGNA=-SESORS
SIKKIN
SILTS
G5E SEDIMENTS
E54.]
SIRGAFORE
SINES (GROLOGY)
US® STROCTURAL BASINS
SIRIO SATELLITE
SKYLAB SPACE STATION (UNMANWED)
USER SKYLAB 1
SEYLAB 1
SKYLAB 2
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SKYLAB 3

SKYLAD &
sL 1

0s® SKYLRB 1
SL 2

7SR SKYLRB 2
5L 13

0SE  SKYLAB 3
sL 8

USE SKYLAB @
SLASHES

USE CLEARINGS (OFEWINGS)
SLEDTE {PROGRAMBING LARGUAGE]}
SLICES

UsE 0IL SLICES
SLOVERIA
SWOW PACES

U5E SNaOW
SOIL EROSION
SOIL BOQISTURE
SOLAR ABHRYIS
SOLAR ELBCTEIC PROPULSIOR
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